The Understanding of the different fractions of Zinc in soils is important to effectively manage fertilizer resources due to the low availability of Zinc in the native soil worldwide. Bioavailability, uptake of Zinc by plant and its fractions depend largely on the soil parent material, the type of chemical transformation the soil has been expose to over times and some anthropogenic intervention. This study examined five different Zn pools.
Introductions
Zinc, an essential micronutrient is used by plant, animal and humans for different reproductive and physiological functions (Chirma & Yerokun, 2012) . It affects plant growth, yield and quality (Madyiwa et al., 2002; Antoniads & Alloway, 2003; Chidanandappa et al., 2008) . Zinc is a co-factor in more than 300 enzymes and numerous transcription factors in human beings (FAO/WHO/IAEA, 1996; Haug et al., 2010; Chirma & Yerokun, 2012) . Lack of zinc in human diet could cause impaired growth in children and can results in poor human development (Hambridge et al., 1986) . This incident is a common occurrence in African regions and needs urgent attention. Before now attention had been focused on heavy metal toxicities in humans exposed to mining operations and other source of pollution, neglecting its importance in crop production (Tembo et al., 2006) . The followings symptoms: headaches, nausea, loss of appetite and diarrhea were recorded clinically from those exposed to high Zinc concentration (Panel on Micronutrients, 2001 ).
Uptake of zinc by plant is largely from the exchangeable fractions from the chemical transformation of its pools from the soil solution (Shuman, 1991) . Another source of zinc for plant uptake is from organic and anthropogenic atmospheric input (Iyengar et al., 1981; Johnson & Petras, 1998) . Total zinc in soil ranged from 10-330 mg/kg and had a mean value of 55 mg/kg (Kiekens, 1995) , this does not give a holistic view about its availability and transformation in soils. In order to have a broad understanding of total zinc in soil, sequential or batch fractions analytical methods have been used to describe five functional fractions that quantified it in soils (Zerbe et al., 1999; Hseu, 2006; Fedotov & Spivakov, 2008; Saffari et al., 2009 ). These includes: water soluble fractions (found in soil solution), exchangeable Zinc, which is occur with a non-specific reaction with the soil particles, zinc adsorbed to soil organic ligands or organic Zn complexed, Zn fractions that is inorganically associated with secondary minerals like carbonates or insoluble metal oxides and the last is the residual form of zinc which is found associated with primary minerals (Sposito et al., 1982; Antoniads & Alloway, 2003; Saffari et al., 2009 ). This information gave a wide information about the chemical, biological and geological processes in soil which is a tool that can be employed to predict Zn availability for plant uptake. Some of these factors: pH, Cation exchange capacity (CEC) the presence of metal oxides and soil organic matter affect the extents to which the fractions of Zn present in soil is transformed when equilibrium is reached. Reports by scientists had it that the residual Zn and zinc bound to the oxides formed the most stable fractions though not available for plant uptake while the exchangeable and water soluble forms are more soluble and available (Saffari et al., 2009 ).
The low solubilization of zinc from soil minerals coupled with low native Zn and its strong adsorption on soil surfaces or co-leaching of zinc with dissolved organic matter had given rise to low concentration of bio-available Zn in most soils (Zimdahl & Skogerboe, 1977; Rieuwerts et al., 2006) . This incidence had also resulted into a widespread of Zn deficiency in several regions of the world including the savannah in Nigeria (Agbeni, 2003) , Australia (McDonald et al., 2001) , Spain (Obrador et al., 2007) , India (Karak et al., 2006) , Brazil (Furlani et al., 2005) , Turkey (Cakmak et al., 1999) and Iran (Maftoun & Karimian, 1989) . The increase in zinc deficiency reported in developing countries had been a major contributor to increased incidence in childbirth, poor growth, reduction in infectious disease resistance and impaired cognitive development (FAO, 1997) . About 800,000 people die annually due to zinc deficiency according to WHO report and out of these number 450,000 are children under age five (Das & Green,2013) . Zinc riches sources are from flesh food but Africa derived their own zinc majorly from whole-grain staple food which only provide low zinc and eventually lead to zinc deficiency. More importantly these staple food contain high phytate which further inhibit zinc absorption from the human gut. The objective of this study therefore was to define and characterize the different zinc forms in selected South Western Nigeria soils and also determine their distribution as affected by the soil chemical and physical properties.
Materials and Methods

Soils
The experimental soils were collected from seven locations in South Western Nigeria (Table 1) . Samples were obtained from two different depth: 0-15 and 15-30 cm at ten random spots per field and mixed together to obtain one composite sample. All samples were air dried and crushed to pass through 2 mm sieve.
Laboratory Analysis
Soil samples were air-dried, crushed gently with pestle and mortar and sieved using 2 mm sieve to remove soil particles greater than 2 mm. The soil samples were subjected to routine analyses. The pH, total exchangeable acidity, exchangeable bases, total nitrogen, organic carbon content, available phosphorus and soil particle size distribution by methods largely described by Udo (1986) .
Zinc Fractionation
A modified version of the batch or single extraction scheme (Johnson & Petras, 1998) was used to characterize the various Zn fractions in the soils. Instead of using the same soil residue in the next extraction step, fresh samples were weighed into the next reagent as follows (Chirma & Yerokun, 2012 (c) Organic bound Zn (Org-Zn): which represent the fraction complexed, chelated or adsorbed: one gram of soil was extracted in 40 ml 0.1 M K 2 P 2 O 7 for 17 hours and then filtered.
(d) Sesquioxide Zn (Ox-Zn): representing the amorphous bound fraction: one gram of soil was extracted in 50 ml acid oxalate (four parts 0.2 M ammonium oxalate and three parts 0.23 M oxalic acid). The pH was adjusted to 3 using either of the two reagents used in preparing of acid oxalate. The sample mixture was shaken for 17 hours.
(e) Residual Zn (Res-Zn): This was determined after digesting one gram soil sample in 25 ml aqua regia (one part HNO 3 to three parts HCL) for twenty minutes on a hot plate and then allowed to cool (f) Total Zn (Tot-Zn): Total Zn was calculated as a sum of all the fractions determined.
Soil suspensions from each fractions above were filtered after shaking vigorously. The fractions of Zinc in each fractions were determined by the atomic absorption spectrophotometer (AAS).
Statistical Analysis of the Data
Statistical analysis of data was done using the SAS Statistical Package to estimate the means, standard deviations, maximum and minimum zinc concentration in different pools. Simple correlation coefficients were used to show the relationship between the physical properties of the soil and the fractions of Zn. Correlation coefficient determines how best the physical properties of the soil affect the different fractions of Zn. 
Results
Properties of Soils from Selected Areas in South West Nigeria
The pH (H 2 O) of the soils ranged from 5.0 to 6.99 (Table 2 ). It was observed that 21 percent of the ten soils analyzed were strongly acidic; 21 percent moderately acidic; 36 percent slightly acidic and 22 percent were neutral. Of these, the following Alagba series (top and subsoil), Apomu (top soil) and Matako were observed to be strongly acidic. While for the other series pH was slightly acid and close to neutral. Soil Nitrogen concentration in the soils ranged from 0.02 to 0.25 g/kg, Eruwa (top soil)-Ibadan (subsoil), this shows that nitrogen concentration in these soils is very low. Organic carbon ranged from 0.88 in Alagba series topsoil to 6.46 at the subsoil in Alagba series. Generally, the organic carbon of the soil was low. Phosphorus value in the soil ranged from 2.80 to 80 mg/kg, which is low. Potassium also ranged from 0.04-0.16 cmol/kg, also Magnesium ranged from 0.6 to 2.22 cmol/kg all in Eruwa soil. Sodium value in the experimental soil ranged from 0.15 in both Alagba and Apomu top soil to 0.23 cmol/kg in Eruwa subsoil. Exchangeable soil acidity ranged from 0.40-0.80 cmol/kg in Ibadan soil.
The manganese levels of soils ranged from (31.1-512.2 mg kg -1 ), which is low. Copper concentration in these soils ranged from 1.40 in Eruwa top soil to 6.60 mg/kg in Ibadan subsoil. The Iron level of the soil ranged from (66.1-964.5 mg kg -1 ) ( Table 2 ).
The highest 0.1N HCl extractable zinc was observed in the Ibadan series (14.2 mg kg -1 ) followed by Apomu series (6 mg kg -1 ). It was observed that 64 percent of the soils analyzed were below the critical limits (Table 4 ). The ECEC was generally low for all the soils analyzed but one; Apomu series (13.65 cmol/kg). Analysis of the soil showed that 22 percent were sandy loam, while 78% were loamy sand (Table 3 ). The coarse textured soils had the lowest extractible and total zinc. The extractible zinc of these soils was low: Eruwa series (0.4 mg/kg) and Matako series (1.0 mg/kg). The sandy loam soils with their corresponding moderate organic matter had the highest extractible zinc: Ibadan series (14.2 mg/kg) and Apomu series (6.0 mg/kg). The total zinc of the sandy loam soils was high: Apomu series (68.75 mg/kg) and Ibadan series (211.6 mg/kg).
Characterization of Zinc in Its Various Fractions in the Soils
The batch fractionation scheme was used to define the following five different pools of Zn from the 10 soils analyzed: the exchangeable pool (F1), carbonate bound Zn (F2), organic Zn pool (F3), sesquoxide bound Zn (F4), residual Zn pool (F5). The zinc pools were in the order: exchangeable zinc (3.8%) < organic zinc (13.6%) < carbonate bound zinc (14.8%) < sesquioxide zinc (22.8%) < residual zinc (45.1%).
The extractable zinc was the lowest pool in all the series and it was observed to be 3.8% (Table 4 Table 3 . Physical properties of the soils collected from different locations 
Correlation Coefficients between Soil Zinc and Some Soil Properties
Phosphorus and pH showed a positive correlation with exchange fractions of Zinc. Organic carbon, ECEC and Clay however showed a negative correlation with Exchangeable zinc fractions.
Organic zinc was highly correlated (0.933) to the soil P and positively correlated to organic carbon, pH and ECEC of the soil. Correlation analysis showed that the carbonate bound zinc was positively correlated (0.537) with the soil phosphorus. It was also positively correlated (0.382) with organic carbon but negatively correlated with clay. Soil pH and clay were positively correlated with sesquioxide bound zinc and negatively correlated with the soil organic carbon, ECEC and P.
The residual Zn pool showed a positively correlation with the soil Phosphorus and pH. While a negative correlation existed between the following soil properties: ECEC, OC and clay. The total zinc concentration of the soils was positively correlated with the pH and Phosphorus but negatively correlated with ECEC, Organic carbon and clay (Table 5 ). Note. * = significant at 0.05 (2-tailed); P = phosphorus; EC = exchangeable cation; OC = organic carbon.
Discussion
The pH of the soils were acidic and some were close to neutral. Solubility of metals increases at lower pH thereby enhancing adsorption reactions rather than precipitation and complexation reactions. Even though adsorption tends to decreases with lowering pH because of the competition of protons with potential toxic metal cations for adsorption sites on soil colloids. Thereby making the adsorption of Zn to be significant at pH of 5-6.5 (Rieuwertset et al., 1998) . These pH are the ranges observed in this study. Adeoye (1986) observed that acidic soils were prone to aluminium and manganese toxicity and this causes reduction in crop productivity. Johnson and Petras (1998) made similar observations and concluded that at a low pH the solubility of most nutrients increase causing toxicity problems for many crops. At high pH or if the soil is over limed, has low organic matter and is light to medium textured, the nutrient status is generally poor because the solubility of most micronutrients reduces (Modaihsh, 1997) .
The manganese levels of soils were low when compared to the one reported by Sparks (1995) , that small amounts of manganese in soils ranging from 20 to 10,000 mg kg -1 , whereas Adriano (2001) reported the total manganese contents ranged between 450-4,000 mg kg -1 . Iron (Fe) level in the soil range was low when compared to the critical level of iron in the soil reported by Deb and Sakal (2002) is 2.5-5.8 mg kg -1 . The highest 0.1 N HCl extractable zinc observed in the Ibadan series followed by Apomu series were also below the critical level of zinc (0.9 mg kg -1 ) in soils observed by Esu (1991) . About 64 percent of the soils analyzed were below the critical limits as shown in (Table 4) . Mapiki and Phiri (1995) reported low ECEC ranged from 6 to 13 cmol/kg while high ECEC ranged from 12 to 20 cmol/kg. From this background, the ECEC was generally low for all the soils analyzed but one; Apomu series (13.65 cmol/kg). Soil Nitrogen concentration in the soils ranged from (0.02 to 0.25 g/kg), this shows that the N is very low. The critical range of N in soils is reported as 1.1-2 g/kg by FFD (2012). The lowest phosphorus value observed was below the critical level of 7-20 mg/kg P reported by FFD (2012). The organic carbon too was below the critical range of 4-10 mg/kg reported by FFD (2012) which is 4-10 mg/kg.
The coarse textured soils in this study had the lowest extractable and total zinc, probably because of their poor ability to adsorb nutrients (Brady, 1984) . The low ability of the loamy sand to adsorb nutrient could be because of the high sand content (which was above 74 percent) with their corresponding low organic carbon (Donahue et al., 1983) . The lower Zn concentration in Matako and Eruwa series could be as a result of the lower pH which may induce the adsorption of Zinc. Matako series soils actually had the lowest possibly pH in this study. Availability of zinc had been reported by Alloway (1995) to decrease as the pH of the soil increases because of the lower solubility of Zn minerals and increasing adsorption of Zn by negatively charged colloidal soil properties. The sandy loam soils with their corresponding moderate organic matter had the highest extractable zinc, this may as a result of the fact that adsorption of zinc is favoured by organic matter in the soils and important in the formation of the organic zinc complexes that act as buffer zones for zinc (Udom et al., 2003) . The distribution pattern of Zn observed in various soil fractions were similar to that reported by Behera et al. (2008) that the highest zinc concentration was observed in the residual pool. This could be attributed to residence time which takes place over the years and thereby reducing metal mobility and availability as a result of the following reactions: complexation, adsorption and precipitation of metal ions on soil particle surfaces according to Zauyah et al. (2004) . Tehrain (2005) made same assertions that the relative abundance of zinc was more in the residual pool about 89% of the total zinc in Serbia. In addition to this explanation, Lu et al. (2004) also concluded in their findings that the fractionation of heavy metals in soil considering the effect of time revealed that soluble metals transformed from easily extractable fractions to more stable fractions. In fact both the residual and the oxide bound Zn fractions had been considered the stable fractions while the exchangeable and water soluble fraction were referred to as the more soluble fractions that were immediately available to plant (Saffari et al., 2009 ).
The lowest extractable zinc observed in all the soil was due to adsorption of zinc in soil as a result of the lower soil pH. Similarly, Ramzan et al. (2014) also reported the least Zn concentration in the water soluble fraction. This was also in agreement with Dvorak et al. (2003) ; that metal fractions associated with the exchangeable pool was the lowest in soils from Czech Republic. He defined the following pools: exchangeable (5 percent); Fe-Mn oxide (9 percent); organic (44 percent). Margui et al. (2007) and Elsokkary (1979) also made similar observations and reported that exchangeable pool was below detection (trace amount) in some of the samples analyzed. This low fraction associated with the exchangeable fraction could be due to losses from leaching and plant uptake, as these pools represents the fractions that are bioavailable and mobiles in soil (Filgueiras et al., 2002) .
The positive correlation of total zinc with pH is an indication of zinc availability though in small concentration.
Other factors apart from adsorption may be responsible for this result. The soil conditions that commonly lead to zinc deficiency in crops are low total zinc concentrations, such as sandy soils; highly weathered parent materials with low total zinc contents, such as tropical soils; high calcium carbonate contents, such as calcareous soils; neutral or alkaline pH, as in heavily limed soils or calcareous soils; high salt concentrations, i.e., saline soils; peat and muck, as inorganic soils; and high phosphate status; prolonged waterlogging or flooding, as in rice soils; and high magnesium and/or bicarbonate concentrations in soils or irrigation water (Das & Green, 2013 , Alloway, 2008 .
The correlation coefficient between phosphorus and the exchangeable zinc showed a highly positive relationship. Though low, the correlation between the exchangeable pool with the ECEC and organic carbon of the soils was positive. Organic zinc was highly correlated to the soil P. this means that the higher the concentration of P, the higher the organic pool in the total zinc of the soil. Though low, the organic zinc was also positively correlated to the CEC, pH and organic carbon. This agrees with the study by Elsokkary (1979) in Egypt who showed that zinc adsorption is highly associated with ECEC and Fe 2 O 3 . Udom et al. (2004) also observed that the correlation between organic carbon and zinc was significant. Correlation analysis showed that the carbonate bound zinc was positively correlated (0.414) with the ECEC of the soil. It was also positively correlated (0.335) with the P which is an indication that there was a dynamic relationship between the zinc in the soil and the ECEC and P of these soils. Since the pH of the soils in the study area are acidic to near neutral one will expect little or no adsorption to carbonate. That is why the correlation of Zinc carbonate to organic carbon and clay is negative. This was corroborated by Joshi et al. (2014) that because the soil investigated was acidic between 4.57-6.83, no Carbonates will be expected. Also the correlation of carbonates to the Zinc form complexes such as CaCO 3 :ZnCO 3 , a double salt, with calcium carbonate (Ramos et al., 1999) . He also noted that calcium carbonate tends to adsorb the Zn under favourably high pH values. There was a positive relationship between pH and carbon bound Zn.
The sesquioxide bound zinc was positively correlated with the soil pH, this means that as the soil pH decreases the sesquioxide zinc pool decreases. When the pH of a soil is low, the exchangeable pool increases therefore, reducing the stable fraction (sesquioxide and residual pools) of the zinc. The sesquioxide Zn pool is negatively correlated with the soil organic carbon. (Shiowatana et al., 2001; Leleyter & Baraud, 2006) observed in their researches that reducible and oxidizable pools were not sensitive to pH changes but were highly affected by redox conditions and microorganism activity.
The residual Zn pool is highly positively correlated with the P. This means that the level of significance is high. As the soil P increases, the residual pool of the total zinc also increases. This could be explained by the fact that high soil P results in what is known as phosphorus induced zinc. The zinc would be held in the primary minerals making it unavailable for uptake.
Because of the heterogeneous nature of the soils, results reported by other researchers could be very different. It was observed that only sesquioxide Zn pool of the soils analyzed was significantly correlated with clay (Table 5) . However, many researchers have reported a significant correlation between clay and zinc fractions (Johnson & Petras, 1998; Sinha et al., 1978) . This means that the higher the amount of clay in a particular soil the higher the amount of zinc adsorbed.
Summary and Conclusion
The distribution of zinc was characterized into five different fractions: the exchangeable pool (3.8%); organic pool (13.6%); carbonate pool (14.8%); sesquioxide pool (22.8%) and the residual pool (45.1%). The residual bound zinc was observed to be the largest fraction.
The zinc fractions can be demarcated into stable fractions that was made up of the oxidizable and residual Zinc then the intermediate which are majorly the fractions associated with the carbonates and the organically bound Zn while the exchangeable fraction is the available one which the plant take up through the root for its growth and development. Extractable Zn concentrations of these soils are generally low because the stable fraction is the dominant form in soils. The low concentration of Zinc in the exchangeable form (available) in the experimental soils is a confirmation of the slow release of these elements into soil solutions. Though the other fractions most especially the intermediate could be released to replenishing the exchangeable when equilibrium is attained. Zinc fractions however correlated with soil properties like, pH, ECEC, Clay, available P, and Organic carbon.
